###### Strengths and limitations of this study

-   This is the first study combining epidemiological survey and meta-analysis to analyse the prevalence of osteopenia and osteoporosis in Chinese rural area, and furthermore exploring related influencing factors.

-   Wide range of covariates were controlled to guarantee the reliability of the analysis.

-   The bone mineral density of the calcaneus was measured using an ultrasonic bone density apparatus (Hologic Sahara, America), a low-cost, radiation-free and more applicative measurement in the large epidemiological field investigations.

-   Since the present study was a cross-sectional design, a causal relationship between osteoporosis and risk factors cannot be made.

Introduction {#s1}
============

Osteoporosis, as presenting low bone mass, structural deterioration and porous bone characteristics, is associated with skeletal fragility and increased risk of fracture.[@R1] Osteoporosis has become an important public health problem along with an increased ageing population and longer life expectancy. According to the National Health and Nutrition Examination Survey, prevalence of osteoporosis and low bone mass in the USA adults aged ≥50 years in 2013--2014 were ranged from 6% to 11% and 28% to 45%, respectively.[@R2] A meta-analysis that included 33 articles published from 2010 to 2016 on observational epidemiology studies in China reported that the total, men and women prevalence of osteoporosis at the age above 60 years was 36%, 23% and 49%, respectively.[@R3] Osteoporosis is well known as the silent epidemic, because it does not manifest until a fracture occurs. For instance, a recent study indicated that prevalence of vertebral fractures is 18%--26%, 20%--24%, 11%--19% and 9%--24% in European women, North American white women ≥50, Latin American women ≥50 years and Asian women above ≥65, respectively.[@R4] It is predicted that the annual number of osteoporosis-related fractures will increase to 5.99 million by 2050 in China.[@R5]

Osteoporosis has been associated with increased mortality and decreased health-related quality of life.[@R6] Results from the National Health Insurance Research Database show that the annual direct medical costs of osteoporosis patients increased steadily in Taiwan from 2009 to 2013.[@R9] It is predicted that by 2050 the annual costs of osteoporosis-related fractures will increase to \$25.43 billion in China.[@R5]

With increasing in elderly population, osteoporosis and subsequent fractures have become important health problems. Although few epidemiological studies were available to estimate the prevalence of osteoporosis in China, the data on prevalence of osteoporosis by gender in the rural areas are scarce. Thus, the objectives of this study were to estimate the prevalence of osteopenia and osteoporosis and investigate potential influencing factors by using baseline data from the Henan Rural Cohort Study and a meta-analysis in China countryside areas.

Methods {#s2}
=======

Study subjects {#s2-1}
--------------

The study subjects were derived from the Henan Rural Cohort Study performed in the rural areas of Henan province from July 2015 to September 2017 which has been registered before the start of patient enrolment in the Chinese Clinical Trial Register. A multistage, stratified cluster sampling method was used to select samples. Among 39 259 participants aged 18--79 years old, 8475 subjects who completed BMD measurement were included for the present study.

Assessment of bone mineral density {#s2-2}
----------------------------------

The bone mineral density (BMD, g/cm^2^) of the calcaneus was measured three times by the same investigator using an ultrasonic bone density apparatus (Hologic Sahara, America), a practical and reliable tool for detecting osteoporosis.[@R10] The Sahara is a portable, dry ultrasound system using an oil-based couplant (gel) that measures the speed of sound (SOS) (coefficient of variation (CV) 0.22%) and broadband ultrasound attenuation (BUA) (CV 3.7%). BUA and SOS are combined linearly to form the quantitative ultrasound (QUS) index (CV 2.6%), which is used to obtain an estimate of the heel BMD in g/cm^2^ (CV 3%). The BMD T-score was calculated from the manufacturer-provided reference data, which was derived from a database of young healthy Chinese individuals, and the average of the three readings was taken for analysis. The diagnosis of osteoporosis/osteopenia was done according to T-score values: normal, T-score ≥−1.0; osteopenia, −2.5\<T-score\<−1.0; osteoporosis, T-score ≤−2.5.[@R11]

Assessment of potential covariates {#s2-3}
----------------------------------

The information on demographic, socioeconomic and lifestyle factors (eg, smoking, alcohol drinking, diet, physical activity levels and medical history) was collected through a face-to-face interview by trained research staff using a standardised questionnaire. Education level was classified into three categories: elementary school or below, junior high school and high school or above. According to the smoking index of the WHO,[@R12] smoking status was grouped into never smoking, light smoking, moderate smoking and heavy smoking. In accordance with the daily alcohol intake of WHO and the dietary guidelines for Chinese residents,[@R12] drinking was divided into four categories: never drinking, light drinking, moderate drinking and heavy drinking. High-fat diet was defined as a person who took an average of more than 75 g meat of livestock and poultry per day, and adequate vegetable and fruit intake was considered as a person who consumed an average of more than 500 g vegetable and fruit per day in accordance with the dietary guidelines for Chinese residents.[@R13] Physical activity was grouped into low, moderate and high level, based on the International Physical Activity Questionnaire (2001).[@R14]

While the subjects wore light clothing and without shoes, hats and coats, their weights and heights were measured twice with a weight measurement device (V. BODY HBF-371, OMRON, Japan) and a standard right-angle device and a fixed measurement tape following a standardised protocol,[@R15] and the reading was taken to the nearest 0.1 kg and 0.1 cm, respectively. The body mass index (BMI) was calculated as the weight (kg) divided by the square of the height (m). According to the criteria recommended by Working Group on Obesity in China,[@R16] participants were categorised into four BMI groups: underweight, BMI\<18.5 kg/m^2^; normal weight, BMI\<24.0 kg/m^2^; overweight, 24.0 kg/m^2^≤BMI \< 28.0 kg/m^2^ and general obesity, BMI≥28.0 kg/m^2^.

Meta-analysis {#s2-4}
-------------

A meta-analysis of the prevalence of osteoporosis was also performed following the PRISMA statement[@R17] in the present study. Relevant studies were searched in PubMed, Web of Science, CNKI (Chinese) and Wanfang (Chinese) databases for all articles published up to September 2018 which reported on the prevalence of osteoporosis among Chinese. The search terms were as follows: 'osteoporosis or bone density or bone diseases', 'prevalence or epidemiology', 'China or Chinese', 'rural or countryside', and these terms' derivation and combinations. Detailed search strategies were presented in [online supplementary table S1](#SP1){ref-type="supplementary-material"}. At the same time, the reference lists of original and review articles were also researched to identify any additional relevant articles using the previous databases. Articles were included if they met the following criteria: (1) the participants of studies were from Chinese general population and (2) the study reported the sample size and the prevalence of osteoporosis in a rural area. The exclusion criteria were as follows: (1) concentrating on special population (such as children and pregnant women); (2) the study was based on population from foreign countries; (3) the participants were from an urban population; (4) having duplicated data and (5) reviews or editorials. Two investigators independently extracted information from the studies, including the first author, year of publication, study location, sample size, age range and prevalence of osteoporosis for the total sample and by gender in the rural areas. Moreover, any disagreements were resolved by discussion from literature search, inclusion, exclusion to data extraction process. A random-effects test was performed in accordance with the result of I^2^ statistic (I^2^ \>50%).[@R18] In addition, Begg's and Egger's tests were conducted to examine potential publication bias.
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Statistical analysis {#s2-5}
--------------------

Participants were divided into normal, osteopenia and osteoporosis in a manner independent on gender. Characteristics of the participants were described as numbers (percentages) for categorical variables, and mean±SD or median and IQR for continuous variables. Differences in the characteristics of participants were determined with χ^2^ test for categorical variables and one-way ANOVA variance for continuous variables. The age-standardised prevalence of osteoporosis was calculated according to data from the sixth census in China. Multivariable logistic regression models were used to examine the associations between factors and osteoporosis and osteopenia based on OR and 95% CIs.

Statistical analyses were performed using SPSS software V.21.0. Meta-analysis was conducted using Stata software, V.11.0. All statistical tests were two-sided, and p\<0.05 was considered statistically significant.

Results {#s3}
=======

Demographic characteristics {#s3-1}
---------------------------

The demographic characteristics of the 8475 participants aged 18--79 years old were presented in [table 1](#T1){ref-type="table"}. Overall, a total of 1648 and 934 were diagnosed with osteopenia and osteoporosis in men, and 2123 and 982 were diagnosed with osteopenia and osteoporosis in women, respectively. The mean BMD were 0.42 and 0.32 g/cm^2^ for participants with osteopenia and osteoporosis in men (p\<0.001), and the counterpart in women was 0.40 and 0.30 g/cm^2^ (p\<0.001), respectively. The osteoporosis group was significantly older than the osteopenia and normal groups whether in men or women (p\<0.001). At the same time, lower education level and lower high-fat diet were more common among osteoporosis group, while married/cohabitating and higher BMI were more prevalent among normal group. Furthermore, in men, the proportion of average monthly individual income \<500 RMB was higher in osteoporosis group than the osteopenia and normal groups while never smoking cigarette was lower.

###### 

Demographic characteristics of the participants

  --------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                            Men (n=3423)   Women (n=5052)                                                                       
  ------------------------------------------ -------------- ---------------- ------------- --------- -------------- -------------- ------------- ---------
  Age (mean±SD)                              54.44±11.83    56.17±11.31      59.27±10.53   \<0.001   51.00±11.12    54.65±11.14    59.05±10.80   \<0.001

  Marital status, n (%)                                                                    0.002                                                 \<0.001

   Married/cohabitating                      1283 (92.90)   1509 (91.57)     344 (87.31)             1810 (93.40)   1932 (90.62)   858 (87.37)   

   Unmarried/divorced\                       98 (7.10)      139 (8.43)       50 (12.69)              128 (6.60)     200 (9.38)     124 (12.63)   
   /widowed                                                                                                                                      

  Education level, n (%)                                                                   \<0.001                                               \<0.001

   Elementary school or below                355 (25.71)    558 (33.86)      154 (39.09)             810 (41.80)    1131 (53.05)   644 (65.58)   

   Junior high school                        593 (42.94)    738 (44.78)      171 (43.40)             754 (38.91)    751 (35.23)    253 (25.76)   

   High school or above                      433 (31.35)    352 (21.36)      69 (17.51)              374 (19.30)    250 (11.73)    85 (8.66)     

  Average monthly individual income, n (%)                                                 \<0.001                                               0.241

   \<500 RMB                                 416 (30.12)    607 (36.83)      155 (39.34)             643 (33.18)    720 (33.77)    362 (36.86)   

   500--1000 RMB                             401 (29.04)    465 (28.22)      128 (32.49)             626 (32.30)    655 (30.72)    286 (29.12)   

   ≥1000 RMB                                 564 (40.84)    576 (34.95)      111 (28.17)             669 (34.52)    757 (35.51)    334 (34.01)   

  Smoking, n (%)                                                                           0.009                                                 0.728

   Never                                     486 (36.56)    499 (31.68)      116 (30.61)             1894 (99.79)   2057 (99.66)   947 (99.47)   

   Light                                     173 (13.05)    210 (13.33)      40 (10.55)              2 (0.11)       4 (0.19)       3 (0.32)      

   Moderate/heavy                            667 (50.30)    866 (54.98)      223 (58.84)             2 (0.11)       3 (0.15)       2 (0.21)      

  Drinking, n (%)                                                                          0.987                                                 0.205

   Never                                     622 (46.91)    741 (47.05)      175 (46.17)             1853 (97.63)   2006 (97.16)   924 (97.06)   

   Light                                     409 (30.84)    495 (31.43)      120 (31.66)             40 (2.11)      45 (2.18)      19 (2.00)     

   Moderate/heavy                            295 (22.25)    339 (21.52)      84 (22.16)              5 (0.26)       13 (0.63)      9 (0.95)      

  Physical activity, n (%)                                                                 \<0.001                                               \<0.001

   Low                                       538 (38.96)    515 (31.25)      124 (31.47)             674 (34.78)    533 (25.00)    262 (26.68)   

   Moderate                                  393 (28.46)    447 (27.12)      111 (28.17)             787 (40.61)    898 (42.12)    362 (36.86)   

   High                                      450 (32.59)    686 (41.63)      159 (40.36)             477 (24.61)    701 (32.88)    358 (36.46)   

  High-fat diet, n (%)                       347 (25.13)    432 (26.21)      84 (21.32)    0.132     310 (16.00)    341 (15.99)    122 (12.42)   0.02

  More vegetables and fruits intake, n (%)   656 (47.50)    869 (52.73)      195 (49.49)   0.016     963 (49.69)    1139 (53.42)   440 (44.81)   \<0.001

  BMI (kg/m^2^) (mean±SD)                    25.25±3.33     24.40±3.40       23.02±3.26    \<0.001   25.36±3.58     24.68±3.43     24.18±3.57    \<0.001

  BMD (g/cm^2^) (mean±SD)                    0.55±0.08      0.42±0.05        0.32±0.08     \<0.001   0.52±0.09      0.40±0.06      0.30±0.08     \<0.001

  T-score (mean±SD)                          −0.13±0.73     −1.72±0.41       −2.87±0.34    \<0.001   0.07±0.88      −1.75±0.42     −2.97±0.38    \<0.001
  --------------------------------------------------------------------------------------------------------------------------------------------------------

BMI, body mass index; BMD, bone mineral density.

[Figure 1](#F1){ref-type="fig"} displays the gender-specific distributions of BMD according to age. The age-adjusted mean levels (95% CI) of BMD were 0.47 (0.47--0.48) g/cm^2^ and 0.44 (0.43--0.44) g/cm^2^ for men and women (p\<0.001), respectively. In general, the mean values of BMD declined significantly along with the increase of age both in men and in women (p ~trend~ \<0.001), and men had higher gender-specific mean levels of BMD than women.

![Mean of bone mineral density (BMD) according to age error bars indicates 95% CIs and it was adjusted for age and gender in total population.](bmjopen-2018-028593f01){#F1}

Prevalence of osteopenia and osteoporosis {#s3-2}
-----------------------------------------

In this study, the overall crude prevalence of osteopenia and osteoporosis were 44.60% (43.54%--45.66%) and 16.24% (15.45%--17.02%), and the corresponding age-standardised rates were 42.09% (41.04%--43.14%) and 11.76% (11.07%--12.45%), respectively. The crude prevalence of osteopenia in men was 48.14% (48.13%--48.15%) which was significantly higher than that for women, 42.20% (42.19%--42.21%) (p\<0.001). However, the crude prevalence of osteoporosis in men was 11.51% (11.51%--11.51%) which was significantly lower than that in women, 19.44% (19.44%--19.44%) (p\<0.001). The age-standardised prevalence of osteopenia and osteoporosis were 45.98% (44.92%--47.04%) vs 39.73% (38.69%--40.77%) and 7.82% (7.25%--8.39%) vs 14.38% (13.63%--15.13%) for men and women (p\<0.001), respectively. The prevalence of osteopenia in men was significantly higher than women; on the contrary, the prevalence of osteoporosis in men was significantly lower than women in all demographic characteristics and lifestyle strata.

Subgroups study showed that men participants with older age, unmarried/divorced/widowed, lower education level, lower per capita monthly income, smoking, high-fat diet and inadequate vegetable and fruit intake were predisposed to having osteopenia and osteoporosis. Among women, participants with older age, unmarried/divorced/widowed, lower education level, high-fat diet, and inadequate vegetable and fruit intake showed higher prevalence of osteopenia and osteoporosis ([table 2](#T2){ref-type="table"}). The trend χ^2^ test showed that the tendency of prevalence of osteopenia and osteoporosis were increased with ageing, smoking state and higher physical activity but decreased with higher education level and per capita monthly income in men, similar results were observed in women apart from average monthly individual income and smoking state.

###### 

Prevalence and 95% CI of osteopenia and osteoporosis in men and women stratified by the various predictor variables (n=8475)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristics                     Men                      Women                                                                                   
  ----------------------------------- ------------------------ ------------------------ --------- ------------------------- -------------------------- ---------
  Total                               48.14 (48.13 to 48.15)   11.51 (11.51,11.51)                42.20 (42.19 to 42.21)    19.44 (19.44,19.44)        

  Age                                                                                   \<0.001                                                        \<0.001

   18\~                               44.30 (43.99 to 44.61)   2.53 (2.50 to 2.56)                36.00 (35.85 to 36.15)    9.33 (9.27 to 9.39)        

   30\~                               42.40 (42.29 to 42.51)   5.99 (5.96 to 6.02)                40.69 (40.63 to 40.75)    9.80 (9.78 to 9.82)        

   40\~                               46.48 (46.44 to 46.52)   8.70 (8.69 to 8.71)                37.32 (37.30 to 37.34)    11.67 (11.66 to 11.68)     

   50\~                               50.88 (50.86 to 50.90)   10.90 (10.89 to 10.91)             44.18 (44.17 to 44.19)    15.80 15.79 to 15.81)      

   60\~                               47.90 (47.88 to 47.92)   12.62 (12.61 to 12.63)             44.45 (44.43 to 44.47)    28.26 (28.25 to 28.27)     

   70\~79                             48.48 (48.42 to 48.54)   19.70 (19.66 to 19.74)             42.82 (42.77 to 42.87)    37.36 (37.31 to 37.41)     

   P~trend~                           \<0.001                  \<0.001                            \<0.001                   \<0.001                    

  Marital status                                                                        0.002                                                          \<0.001

   Married/cohabitating               48.12 (48.11 to 48.13)   11.00 (11.00 to 11.00)             42.00 (41.99 to 42.01)    18.65 (18.65 18.65)        

   Unmarried/divorced\                48.43 (48.34 to 48.52)   17.42 (17.37 to 17.47)             44.25 (44.20 to 44.30)    27.43 (27.39 to 27.47)     
   /widowed                                                                                                                                            

  Education level                                                                       \<0.001                                                        \<0.001

   Elementary school or below         52.30 (52.28 to 52.32)   14.43 (14.42 to 14.44)             43.75 (43.74 to 43.76)    24.91 (24.90 to 24.92)     

   Junior high school                 49.13 (49.11 to 49.15)   11.38 (11.37 to 11.39)             42.72 (42.71 to 42.73)    14.39 (14.38 to 14.40)     

   High school or above               41.22 (41.19 to 41.25)   8.08 (8.07 to 8.09)                35.26 (35.23 to 35.29)    11.99 (11.98 to 12.00)     

   P~trend~                           \<0.001                  \<0.001                            \<0.001                   \<0.001                    

  Average monthly individual income                                                     \<0.001                                                        0.241

   \<500 RMB                          51.53 (51.51 to 51.55)   13.16 (13.15 to 13.17)             41.74 (41.73 to 41.75)    20.99 (20.98 to 21.00)     

   500--1000 RMB                      46.78 (46.76 to 46.80)   12.88 (12.87 to 12.89)             41.80 (41.78 to 41.82)    18.25 (18.24 to 18.26)     

   ≥1000 RMB                          46.04 (46.02 to 46.06)   8.87 (8.86 to 8.88)                43.01 (43.00 to 43.02)    18.98 (18.97 to 18.99)     

   P~trend~                           \<0.001                  \<0.001                            0.879                     0.197                      

  Smoking                                                                               0.009                                                          0.728

   Never                              50.66 (47.53 to 53.79)   19.27 (16.11 to 22.43)             52.06 (50.50 to 53.62)    33.33 (31.60 to 35.07)     

   Light                              54.83 (49.82 to 59.84)   18.78 (13.49 to 24.07)             66.67 (12.47 to 120.86)   60.00 (-8.01 to 128.01)    

   Moderate/heavy                     56.49 (54.01 to 58.98)   25.06 (22.20 to 27.91)             60.00 (-8.01 to 128.01)   50.00 (-41.87 to 141.87)   

   P~trend~                           0.005                    0.007                              0.513                     0.218                      

  Drinking                                                                              0.987                                                          0.205

   Never                              54.37 (51.72 to 57.01)   21.96 (19.08 to 24.84)             51.98 (50.41. 53.56)      33.27 (31.52 to 35.03)     

   Light                              54.76 (51.51 to 58.01)   22.68 (19.10 to 26.26)             52.94 (42.11 to 63.77)    32.20 (19.92 to 44.48)     

   Moderate/heavy                     53.47 (49.58 to 57.36)   22.16 (17.96 to 26.36)             72.22 (49.30 to 95.14)    64.29 (35.58 to 93.00)     

   P~trend~                           0.770                    0.888                              0.198                     0.112                      

  Physical activity                                                                     \<0.001                                                        \<0.001

   Low                                43.76 (43.74 to 43.780   10.53 (10.52 to 10.54)             36.28 (36.26 to 36.30)    17.84 (17.83 to 17.85)     

   Moderate                           47.00 (46.97 to 47.03)   11.67 (11.66 to 11.68)             43.87 (43.86 to 43.88)    17.68 (17.67 to 17.69)     

   High                               52.97 (52.95 to 52.99)   12.28 (12.27 to 12.29)             45.64 (45.62 to 45.66)    23.31 (23.30 to 23.32)     

   P~trend~                           \<0.001                  0.002                              \<0.001                   \<0.001                    

  High-fat diet                       50.06 (50.03 to 50.09)   9.73 (9.72 to 9.74)      0.132     44.11 (44.08 to 44.14)    15.78 (15.76 to 15.80)     0.020

  More vegetables and fruits intake   50.52 (48.16 to 52.89)   11.34 (9.84 to 12.84)    0.016     44.81 (44.80 to 44.82)    17.31 (17.30 to 17.32)     \<0.001
  --------------------------------------------------------------------------------------------------------------------------------------------------------------

The age-standardised prevalence of osteoporosis among men and women showed increasing trend with age groups (P~trend~ \<0.0001), particularly after the age of 40 years in women and 60 years in men ([figure 2A](#F2){ref-type="fig"}), and women had higher prevalence than men did in all age groups. With regards osteopenia, men had higher age-standardised prevalence of osteopenia than women at age of 40--59 group, but lower prevalence in younger and older age groups ([figure 2B](#F2){ref-type="fig"}).

![The age-standardised prevalence of osteoporosis (A) and osteopenia (B) between different age groups and gender.](bmjopen-2018-028593f02){#F2}

Meta-analysis {#s3-3}
-------------

According to our inclusion and exclusion criteria, a total of eight studies were enrolled in the meta-analysis, and the details were shown in [online supplementary figure S1](#SP1){ref-type="supplementary-material"} and [online supplementary table S2](#SP1){ref-type="supplementary-material"}. Six studies[@R19] contained the prevalence of osteoporosis in total sample, men and women, while two studies[@R25] reported the prevalence of osteoporosis only in women. The pooled prevalence of osteoporosis in the total sample was 18.0% (10.1%--25.8%), and the pooled prevalence of men and women were 7.7% (5.7%--9.7%) and 22.4% (17.1%--27.6%), respectively ([figure 3](#F3){ref-type="fig"}). There was obvious heterogeneity (I^2^ \>50%), and publication bias was not found by the Begg's and Egger's tests (p\>0.05).

![Forest plots of prevalence of osteoporosis of all selected studies.](bmjopen-2018-028593f03){#F3}

Analysis of influencing factors {#s3-4}
-------------------------------

In the multivariate logistic regression models, subjects who were much older, low education level, low average monthly individual income and low BMI had a higher risk of osteopenia and osteoporosis ([table 3](#T3){ref-type="table"}). In addition, women who had moderate/heavy drinking were 3.95 times more likely to suffer from osteoporosis, and who had adequate vegetable and fruit intake had a higher risk of osteopenia.

###### 

Association between potential risk factors and osteopenia and osteoporosis

  -----------------------------------------------------------------------------------------------------------------------------
  Variable                            Men                    Women                                       
  ----------------------------------- ---------------------- --------------------- --------------------- ----------------------
  Age                                                                                                    

   18--                               1.00                   1.00                  1.00                  1.00

   40--                               1.08 (0.79 to 1.48)    1.57 (0.82 to 2.99)   0.88 (0.69 to 1.13)   1.15 (0.77 to 1.70)

   50--                               1.49 (1.11 to 2.01)    2.37 (1.28 to 4.36)   1.35 (1.07 to 1.70)   2.13 (1.48 to 3.07)

   60--                               1.13 (0.84 to 1.54)    1.99 (1.07 to 3.70)   1.95 (1.51 to 2.51)   5.02 (3.42 to 7.37)

   70--79                             1.32 (0.91 to 1.92)    3.52 (1.80 to 6.87)   2.67 (1.88 to 3.80)   9.77 (6.15 to 15.50)

   P~trend~                           0.249                  \<0.001               \<0.001               \<0.001

  Marital status                                                                                         

   Married/cohabiting                 1.00                   1.00                  1.00                  1.00

   Widowed/single\                    1.14 (0.85 to 1.53)    1.48 (0.97 to 2.27)   1.16 (0.90 to 1.50)   1.07 (0.79 to 1.45)
   /divorced/separation                                                                                  

  Education level                                                                                        

   Elementary school or below         1.00                   1.00                  1.00                  1.00

   Junior high school                 0.80 (0.67 to 0.96)    0.84 (0.63 1.12)      0.52 (0.42 to 0.65)   0.61 (0.50 to 0.75)

   High school or above               0.55 (0.44 to 0.68)    0.65 (0.45 to 0.95)   1.16 (0.90 to 1.50)   0.49 (0.36 to 0.68)

   P~trend~                           \<0.001                0.021                 \<0.001               \<0.001

  Average monthly individual income                                                                      

   \<500 RMB                          1.00                   1.00                  1.00                  1.00

   500--1000 RMB                      0.83 (0.69 to 1.01)    1.01 (0.75 to 0.36)   1.04 (0.89 to 1.23)   1.04 (0.84 to 1.29)

   ≥1000 RMB                          0.78 (0.65 to 0.95)    0.71 (0.52 to 0.97)   1.20 (1.02 to 1.41)   1.35 (1.09 to 1.68)

   P~trend~                           0.010                  0.030                 0.041                 0.014

  Smoking                                                                                                

   Never                              1.00                   1.00                  1.00                  1.00

   Light                              1.21 (0.94 to 1.56)    1.12 (0.72 to 1.73)   1.59 (0.26 to 9.86)   2.65 (0.37 to 19.00)

   Moderate/heavy                     1.14 (0.96 to 1.36)    1.16 (0.87 to 1.54)   0.94 (0.14 to 6.38)   1.26 (0.10 to 15.82)

   P~trend~                           0.068                  0.204                 0.860                 0.574

  Drinking                                                                                               

   Never                              1.00                   1.00                  1.00                  1.00

   Light                              1.074 (0.90 to 1.29)   1.25 (0.93 to 1.68)   1.01 (0.65 to 1.58)   0.78 (0.42 to 1.47)

   Moderate/heavy                     1.047 (0.85 to 1.29)   1.40 (0.99 to 1.95)   2.15 (0.74 to 6.21)   3.95 (1.24 to 12.63)

   P~trend~                           0.699                  0.073                 0.269                 0.210

  Physical activity                                                                                      

   Low                                1.00                   1.00                  1.00                  1.00

   Moderate                           1.14 (0.94 to 1.38)    1.26 (0.92 to 1.74)   1.42 (1.21 to 1.66)   1.33 (1.06 to 1.65)

   High                               1.54 (1.28 to 1.84)    1.56 (1.17 to 2.10)   2.00 (1.68 to 2.38)   2.45 (1.95 to 3.09)

   P~trend~                           \<0.001                0.005                 \<0.001               \<0.001

  High-fat diet                       1.18 (0.99 to 1.42)    1.01 (0.74 to 1.37)   1.11 (0.92 to 1.33)   0.95 (0.73 to 1.23)

  More vegetables and fruits intake   1.17 (1.01 to 1.36)    0.94 (0.74 to 1.21)   1.19 (1.04 to 1.36)   0.84 (0.71 to 1.01)

  BMI group                                                                                              

   Underweight                        2.01 (1.13 to 3.58)    3.18 (1.63 to 6.21)   2.31 (1.31 to 4.07)   2.19 (1.12 to 4.30)

   Normal                             1.00                   1.00                  1.00                  1.00

   Overweight                         0.72 (0.61 to 0.85)    0.40 (0.30 to 0.53)   0.70 (0.60 to 0.81)   0.48 (0.40 to 0.59)

   Obesity                            0.71 (0.56 to 0.88)    0.31 (0.20 to 0.49)   0.57 (0.47 to 0.69)   0.36 (0.28 to 0.46)

   P~trend~                           \<0.001                \<0.001               \<0.001               \<0.001
  -----------------------------------------------------------------------------------------------------------------------------

BMI, body mass index.

Discussion {#s4}
==========

To the best of our knowledge, this is the first study that combined meta-analysis with cross-sectional study to report the prevalence rate of osteopenia and osteoporosis in Chinese rural population. The major findings are as follows: first, about a half of the adult population had osteopenia, while one-sixth of the rural adult population in China had osteoporosis. Second, the crude prevalence of osteopenia in men was significantly higher than that in women (p\<0.001), on the contrary the crude prevalence of osteoporosis in men was lower than women (p\<0.001). In addition, the crude prevalence rates of osteoporosis were slightly lower than the results of the meta-analysis except for that in men. Subjects who were much older, low level of education, low average monthly individual income and low BMI had a higher risk of osteopenia and osteoporosis.

This large study provides important new evidence about the current prevalence and burden of osteoporosis in the rural area of China. A study conducted in Jiangxi urban population among participants aged 16--93 reported the prevalence of osteoporosis as 16.1% in men and 20.8% in women in 2014,[@R27] which is consistent with our findings. The prevalence rate of osteoporosis reported in previous studies about Italian general population was 18.1%,[@R28] which is a little bit higher than the present results. However, a higher prevalence of osteoporosis and osteopenia among postmenopausal women has been observed in Jordan which was 37.5% and 44.6%, respectively.[@R29] Geographic setting, socioeconomic level and lifestyle might partly contribute to this phenomenon. In addition, differences in the prevalence of osteoporosis of total sample (16.24% vs 18.0%), men (11.51% vs 7.7%) and women (19.44% vs 22.4%) were found between the present study and meta-analysis. There might be some potential reasons for the phenomenon, such as age structure and economic level of participants. The age range of participants was 18--79 years in the Henan Rural Cohort study, while the age of participants in studies included in the meta-analysis was mostly above 40 years old. In addition, the samples of the Henan Rural Cohort study were from five counties with higher economic level and living standard.

In general, the mean values of BMD declined significantly along with increase of age in both genders. A previous study has declared that the prevalence of osteoporosis was higher in women than men.[@R30] Similar results were found in our study. The crude prevalence of osteopenia and osteoporosis in men and women were 48.14% vs 42.20% and 11.51% vs 19.44%, respectively. Further study showed that there were different trend changes in the prevalence of osteopenia and osteoporosis in men and women. In general, the age-standardised prevalence of osteoporosis among men and women increased with age groups, particularly after the age of 40 years in women and 60 years in men, and women had higher prevalence than men did in all age ranges. Men had obviously higher age-standardised prevalence of osteopenia than women at age 40--59 group, but lower prevalence in younger and older age group. That is to say, women, especially older women, are more likely to develop osteoporosis.

Our research demonstrated that higher education level and average monthly individual income could decrease the odds of osteoporosis and osteopenia in both genders. The association between education level, income and osteoporosis had also been found consistent with previous research.[@R31] High education level and income might indicate higher socioeconomic status that demonstrated less probability of osteoporosis.[@R32] Furthermore, the present study indicated that participants with higher BMI were less likely to have osteoporosis (obesity was negatively correlated with osteoporosis), and similar results were also reported in previous studies.[@R33] It should be noted that a previous study has shown that the beneficial effect on BMD of increasing BMI exists up to 35 kg/m^2^, and a BMI higher than 35 kg/m^2^ is not associated with further increase in BMD.[@R37] Differences in prevalence of osteoporosis and osteopenia between men and women may be attributed to difference in hormone levels: increased bone loss in women with sudden changes in hormone levels before and after menopause. Moreover, a multiple logistic regression analysis showed that moderate/heavy drinking in women also increased the risk of osteoporosis. By altering the structure of cell membranes, ethanol may non-selectively disrupt a multitude of regulatory pathways in bone cells; chronic heavy alcohol consumption is associated with decreased BMD.[@R38] In addition, higher physical activity showed a higher risk of osteoporosis and in women adequate vegetable and fruit intake showed a higher risk of osteopenia, which was inconsistent with previous studies.[@R39] This may be due to limitation of cross-sectional design, so further studies are needed.

This is the first study combining epidemiological survey and meta-analysis to analyse the prevalence of osteopenia and osteoporosis in Chinese rural area, and furthermore exploring related influencing factors. What is more, a wide range of covariables were controlled to guarantee the reliability of the analysis. We believe that our conclusions can provide the latest evidence for the development of effective national prevention and control programmes for osteoporosis and osteopenia management to reduce the development of osteoporosis-related fracture in areas with limited resources. Nevertheless, several limitations also warrant consideration. First, since the present study was a cross-sectional design, a causal relationship between osteoporosis and risk factors cannot be made. Second, the BMD of the calcaneus was measured using an ultrasonic bone density apparatus (Hologic Sahara, America). Although the accuracy of ultrasonic measurement is limited, it can reflect the BMD of the study subjects to some extent, which is acceptable in the epidemiological investigation of large samples and can be used for the screening of osteoporosis. Furthermore, previous study indicated that there was no significant difference between the QUS and X-ray densitometric BMD methods in separating normal from osteoporotic subjects when using receiver operating characteristic analysis.[@R42] In addition, other studies[@R43] have also clarified that the ability of low bone mass (measured by calcaneal ultrasound) to predict future fracture risk is equivalent to dual energy X-ray absorptiometry. Besides, the same method has been applied in an elderly Chinese population[@R46] and in some large studies.[@R47] Therefore, diagnostic cut-off points of −1.0 and −2.5 may be applicative. Moreover, in the studies included in the meta-analysis, the BMD measurement sites and the measurement methods were different. However, because of the insufficient number of studies included, subgroup analysis was not performed. We just combined multiple research results by performing a random-effects model. This is also a limitation of this study.

In conclusion, about half of the participants had osteopenia and one-sixth of the participants had osteoporosis in the general population living in rural area of China. The prevalence of osteoporosis in women was higher than men. Although the results were lower than that of meta-analysis, osteoporosis still accounts for huge burden of disease in rural population due to limited medical service and lack of health risk awareness rather than urban area. Therefore, effective measures are needed to prevent and control high risk factors in the population, particularly in older females in rural areas of China.
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